Introduction:
The aim of this study was to evaluate appropriateness of transesophageal echocardiography (TEE) studies based on 2011 Appropriate Use Criteria (AUC)
for Echocardiography and its impact on patient management.
Methods and Results:
In a retrospective analysis of 100 inpatient TEEs, 85% of the TEEs ordered were determined to be appropriate, 9% were inappropriate, and 6%
were uncertain. Inter-observer differences in the determination of AUC were seen in 24% of the studies, requiring a senior-level cardiologist to make the final determination of AUC score. The variance in interpretation by experts is concerning for how that might translate into differences in clinical practice. Of all TEEs, only 63% led to an active change in care, including changes in medications or procedures, while 37% did not. We found a statistically significant difference between cardiologists' and non-cardiologists' orders for TEE having an impact on patient's clinical care (41% vs 22%, respectively, P < 0.05) ( Table 2 ). While not statistically significant, a trend toward clinical change was observed in the appropriate vs inappropriate TEEs (70% vs 44%, respectively, P = 0.06).
Conclusion:
Ideally, the role of a diagnostic cardiovascular imaging test, such as a TEE, is to influence clinical care, if it is ordered appropriately on the right patient.
While the AUC guides clinicians on the appropriate use of cardiovascular imaging, it is broadly written and offers room for interpretation to encompass variety of clinical scenarios. Clinical care paths that utilize AUC and standardize use of multidisciplinary institutional resources offer opportunity for optimal clinical impact and patient care.
K E Y W O R D S
appropriate use criteria, transesophageal echocardiography, value-based cardiac imaging Board approved the study, and a waiver for informed consent was obtained. All patients under 18 years old and studies ordered by our structural heart team were excluded, as those TEEs were mandated by their protocol. This was a performance improvement project designed to analyze the current practices at our institution, so a sample of 100 TEEs were chosen for final analysis, after 11 were excluded by exclusion criteria.
| INTRODUC TI ON
Patients' demographic data, indication for TEE, and specialty of ordering provider were extracted via review electronic medical records (EMR).
| Determining appropriateness
Each TEE study was assigned an appropriateness score according to the 2011 AUC guidelines by 2 cardiologists. Scores of 1-3, 4-6, and 7-9 corresponded to inappropriate (rarely appropriate), uncertain (maybe appropriate), and appropriate studies, respectively. In cases of discrepancies, a third mediating senior cardiologist, blinded to the initial reviewers, made a final assignment of AUC score.
Two internists blinded to the AUC score reviewed the medical charts to identify the ordering physician and any changes made to the patients' management plans after performance of the TEE.
| Clinical impact
A clinical impact was identified if there were any adjustments to medications, addition or cancelation of surgical consultation, or addition or cancelation of new procedures after the results of the TEE were reviewed. 
| Risk assessment

| Cost analysis
At our institution, the estimated cost for a TEE procedure is $3200, which factors in manpower hours, depreciation of equipment, and sedation medications.
| Statistical analysis
Each group of data was summed, and proportions of clinical outcome and AUC adherence are presented as percentages of the total.
The differences in frequency were statistically compared using the chi-square test.
| RE SULTS
Of the 100 patients and studies reviewed, 64% (n = 64) of patients were males, with a mean age of 59.3 ± 16.5 years. Indications for TEE included evaluation of atrial arrhythmias (36%), endocarditis (28%), cerebrovascular accident (CVA) (25%), valvular heart disease (5%), intracardiac shunt (3%), inadequate visualization by TTE (2%), and aortic dissection (1%) ( Table 1) .
Out of 100, 85% TEEs were appropriate, 9% were inappropriate, and 6% were uncertain by 2011 AUC. Inter-observer differences in the determination of AUC were seen in 24% of the studies, requiring a senior-level cardiologist to make the final determination of AUC score. The discrepancies occurred for the following indications:
evaluation of CVA (n = 14), endocarditis (n = 7), intracardiac shunt (n = 1), and inadequate visualization by TTE (n = 2). In the category of inadequate visualization by TTE, one was for prosthetic valve and preoperative workup for left ventricular assist device.
Cardiologists ordered 51% of TEEs, while non-cardiologists (consisting of physicians from Internal Medicine, Neurology, Intensive Care Unit etc.) ordered 49% of the TEEs. Cardiologists primarily ordered all the TEEs for the evaluation of aortic dissection, valvular heart disease, atrial arrhythmias, and inadequate visualization by TTE. As Table 1 demonstrates, all these studies had an appropriate AUC score. Interestingly, non-cardiologists ordered
TEEs for the evaluation of endocarditis, CVA, and intracardiac shunt, which had combination of appropriate, uncertain (maybe appropriate), and inappropriate (rarely appropriate) scores.
There was discrepancy in appropriateness of TEEs ordered for evaluating CVA and endocarditis. For the evaluation of endocarditis, there were 28 total studies ordered, of which 23 were appropriate and 5 inappropriate by AUC. For the evaluation of CVA, there were 25 total studies ordered, of which 12 were appropriate, 6 were uncertain, and 4 were inappropriate. There was a statistically significant difference between cardiologists' and non-cardiologists TEE orders impacting clinical management (41% vs 22%, respectively, P < 0.05) ( Table 2 ).
| Clinical impact
| Risk assessment analysis
Risk assessment for a TEE includes the patient's sedation risk, clinical impact, and AUC score ( 
| Cost analysis
Based on the estimated cost of $3200 for a TEE at our institution, the expenditure for the nine inappropriate TEEs was $28 800.
Interestingly, for the 37 TEEs that did not result in clinical change, the estimated expenditure was $118 400. This is an important consideration in the overall analysis of whether the patient needed that TEE in his or her care cycle.
| D ISCUSS I ON
This study was primarily a performance improvement project with the primary objective to identify how CVI, especially TEE, was being utilized in a multidisciplinary institution. Based on AUC, there were 85% appropriate, 6% uncertain, and 9% inappropriate TEEs, which is consistent with previous studies. 11 Nearly half of the TEEs were ordered by non-cardiologists, a percentage much higher than 27%
reported from other institutions. 11 Importantly, only 22% of TEEs ordered by a non-cardiologist made a clinical impact on patient care.
It is worthwhile to have cardiologists as gate-keepers to approve a TEE to determine appropriateness for each patient, reduce potential complications of the procedure and curbtail extraneous costs.
Uniquely, this study also attempted to evaluate how the AUC categorization relates to overall clinical impact and cost of the patient's care cycle. Appropriate TEEs were correlated with clinical change and lower sedation risk as noted in Tables 2 and 3 . Similarly, inappropriate and uncertain TEEs were associated with severe sedation risk and excessive cost burden while not influencing change in patient's management. There is an opportunity to reduce overall cost and risk by adhering to AUC.
There was significant discordance between cardiologists and non-cardiologists ordering appropriate TEEs. This was especially apparent in evaluation of diseases in which multiple specialties 
| Future directions
Undoubtedly, excessive health care expenditure has resulted in insurance companies moving toward reimbursing based on value of care provided. Physicians will be now be required to optimize the resources they use, of which cardiovascular imaging is an integral part. To address the variances in practice between specialties for certain diagnoses, such as endocarditis, we have built a systematic algorithm into our EMR that guides any physician taking care of patient suspected of endocarditis, the appropriate time in which to order TTE/TEE. 
| CON CLUS ION
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R E FE R E N C E S
F I G U R E 2 Schematic for patientcentric care in a multidisciplinary institution. In this schematic, patients are the inputs and outputs of the multispecialty institution. CVI is influenced by referring providers, experts, and institutional resources to optimize patient care. In this model, each of the components works together to determine appropriate indications to order diagnostic and therapeutic cardiovascular imaging tests
